A mesh refinement study on FCC polycrystalline aggregates with length scale effects
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Abstract Disfocation Density Model -
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Here, a glfobal mesh refnement study is conducled on 8 G

polyorysiine aggregate. The study reveals that the rafe of S = A, \
cont ver gence of the predicted response of the aggregate dor a Pt e S g S ;[_:gmmfl bl _._j.ﬂ'-m] “Ja
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mesl is refined and may possibly diver ge.

- In this wad, a recenthy formulated dislocation density- based, -
gradient and rate dependent crpstallographic model & used to perform a
global mesh refinement=study on a3 Cu pohbicnestalline aggregate.

- The main objectve of this study on a pohyerystalline aggregate i to

addrezs the iEsue on the effect of decreaszing length scales on the finite
element conwergence rate for a length =scale dependent constitutive
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randomby ariented grains are used inthis study. They are

decomposition of the deformation gradient, & into s inelastic compoanent herein, idertified as RVES and RVES4 aspectivaly.

F* and elaztic component 5%

- The =stereocgraphic projectiore of the random
W FE'FF I:-:-I:lr:llen’c.ath:-ns in both RWE=s cam be seen in Figs. 1(a) and

=  Three different grain szes of =75, 15 and 150pm
are considered in the study. The focus here s on
monotanic loading applied in the x,-direction at a low
hu:-r;u:-l;:-g-:-UE temperature (ie. 22°CY and a skain rate of
10 ==

=  Through the kinematics of diglocation motion, the rate of change of
the inelastic deformation tensor i expressed as :
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l = J = The FE geometries used have 3 cubic geometny (Fig. 2
refers) and periodic boundany conditions are applied on
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the cube faces .

= The element type used here & a standard 20 node
quadratic kEoparametric brick element with reduced
[2x2:27 integration.

ﬂgﬂ(T"] = The evolution of the GHDz are calculated uzing the
slip rate gradient terms in Eq.(¥) abowe. Here, the slip
rate gradients are obtained through interpolation u=sing
an2-node brick element with full (2222 integration.

=  The flow rule for an arbitrary =lip system () & given as :
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Conclusions & Remarks:

The mesh refinement study conducted reveak that, for an
FWE with a small number of grains (&VELS) with a = ufficienthy
large grain size (D=150p.m), the response of the polyoenestalline
aggregate comeerges as the finite element mesh is refined.

= ltwas ako revealad that the macroscopic response does not
comverge as the grain sEe was subsequenthr reduced by
factors of 10 and Z0.

» For a smaller grain size [ie. D=15pm], the study on an
aggregate with a larger number of grans [AFSS] alzo
indicates thak the macroscopic response did nob coverge as
themesh was refined.

= The study indicates that with decreasing length scales, the
povcrystalline agaregate response fails bo converge with mesh
refinement.
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